A heteroduplex tracking assay (HTA) was developed for genetic analyses of the hepatitis C virus (HCV) using single-stranded probes from the core (C)/E1 region. Nucleotide sequencing of reverse transcriptase (RT)-PCR products from 15 Italian dialysis patients confirmed the specificity and accuracy of the HTA genotyping method, which identified 5 of 15 (33.3%) 1b, 7 of 15 (46.7%) 3a, and 3 of 15 (20%) type 2 infections. The genotypes of an additional 12 HCV antibody-positive blood donors from different geographical locations were also in agreement with the genotypes determined by the Inno-LiPA HCV II kit (Innogenetics) and/or restriction fragment length polymorphism (RFLP). Isolates which had between 35 to 40% nucleotide divergence from control subtype 1a, 1b, 2a, 2b, or 3a standards could be typed. Surprisingly, HTA detected one 1b-2 coinfection which was missed by DNA sequencing. Three samples that were designated non-2a or 2b type 2 by HTA were found to be type 2a by both RFLP and direct nucleotide sequencing of the 5 untranslated region. The genetic distance between patient type 2 and control 2a, 2b, and 2c isolates indicated that a new subtype was present in the population being studied. Serotyping (RIBA serotyping strip immunoblot assay kit) of 23 dialysis patients showed that the genotype could be determined in 6 of 8
Hepatitis C virus (HCV) is a single-stranded RNA virus (9) which is known to cause hepatitis and infects an estimated 100 million people worldwide (3) . The HCV genome consists of 5Ј and 3Ј untranslated regions (UTR) that flank a single long open reading frame which encodes the structural (core [C], envelope 1 [E1], E2, and p7) and nonstructural (NS2, NS3, NS4a, NS4b, NS5a, and NS5b) proteins required for the manufacture of infectious virus (reviewed in references 21, 23, 38, and 43) . Typical for RNA viruses, the mutation rate of HCV genomes is reported to be 1.44 ϫ 10 Ϫ3 per genome per site per year (28) , and variants circulate in a quasispecies distribution within infected individuals (26, 41) . Classification of viral genomes into genotypes, subtypes, and isolates based on the degree of nucleotide heterogeneity of different segments of the viral genome has been proposed (reviewed in reference 4; 33), although the relationship between genetic polymorphism and biological features of the different genotypes has not been clearly established for HCV (reviewed in reference 2). Since genotype may be a factor in designing and administering vaccines and therapeutic agents, reliable assays for hepatitis C are needed.
Since sequencing complete viral genomes is not practical, and many clinical laboratories do not have DNA-sequencing facilities, several methods have been described for determining HCV genotypes based on restriction enzyme-, PCR-, or hybridization-based analysis of the 5Ј UTR (11, 36) , core (30, 34) , or NS5 (16, 33) region. Current methods for subtyping have limited accuracy either because they assess short, relatively conserved regions of the genome, such as the 5Ј UTR, or because they can yield false results due to nonspecificity of PCR primers (25, 30) . Although hybridization-based assays may be reasonably accurate (36) , information about nonhybridizing samples can be obtained only by DNA sequencing. We describe the application of the hybridization-based heteroduplex tracking assay (HTA) (12) (13) (14) to HCV for genotyping and identifying molecular variants which might be missed by other genotyping methods. HTA involves hybridizing probes from known HCV subtypes to reverse transcriptase PCR (RT-PCR) products from the homologous sera or from unknown samples and electrophoresing the hybridization products on gels. The formation of a heteroduplex band on a gel indicates genotype and subtype. In the absence of genetic rearrangements, insertions, and/or deletions, the genetic relationship between isolates can be determined by the relative migration of the heteroduplexes on gels (12) .
To develop and evaluate an HTA genotyping system for HCV, three methods of typing isolates (restriction fragment length polymorphism [RFLP] , DNA sequencing, and RIBA serotyping strip immunoblot assay [SIA]) were performed on 23 well-preserved and carefully characterized serum samples from a cohort of Italian dialysis patients (5, 18, 39) . Samples from an additional 12 blood donors from different countries (the United States, Egypt, and Holland) were also analyzed by HTA, and the results were compared to those obtained by the InnoLiPA HCV II test (Innogenetics) and/or RFLP to establish the accuracy of HTA as a method for determining genotype.
MATERIALS AND METHODS
Patient population. Twenty-six of 35 Italian patients who had been undergoing regular hemodialysis in the same unit since 1991 (5, 18, 39) tested positive for anti-HCV antibodies in August 1995 by the second-and third-generation Ortho HCV enzyme-linked immunosorbent assay (ELISA). Serum samples were collected, divided into aliquots, and stored at Ϫ80°C. Twenty-five patients were both Ortho ELISA 3.0 and RIBA 3.0 HCV SIA reactive, while one patient was indeterminate (C-22-P reactive). Twenty-three ELISA 3.0 and RIBA 3.0 SIAreactive serum samples were available for this study. RT-PCR was performed on 15 of 23 samples with primers from both the 5Ј UTR (modified from Han et al., [19] sense primer 93B, 5ЈACCATGAATCACTCCCCT3Ј and antisense primer JH51, 5ЈCCCAACACTACTGGGCTA3Ј) and C/E1 (described in Table 1 ). One, nine, and two RT-PCR (5Ј UTR and C/E1)-positive blood donor serum samples from Egypt (a gift from J. Lau, University of Gainesville), the United States (Sacramento Blood Bank), and Holland (a gift from H. Reesink, C. van der Poel, and N. Lelie; CLB, Amsterdam, Holland), respectively, were analyzed by HTA.
RNA extraction, cDNA synthesis, and PCR. RNA was extracted from 100 l of sera or plasma on at least two different occasions with the Stratagene RNA isolation kit (no. 200345) according to the manufacturer's instructions (8) . A 25-l cDNA reaction mixture contained 20% plasma RNA extract, 10 mM Tris-HCl (pH 8.3), 10 mM MgCl 2 , 10 mM dithiothreitol, 75 mM KCl, 1 mM (each) deoxynucleoside triphosphates, 25 U of RNasin (Promega), 5 U of avian myeloblastosis virus RT (no. 80855B; Gibco BRL), and 100 pmol of antisense primer ( Table 1 ). The cDNA mixture was diluted with 50 l of water, boiled for 5 min, quick-cooled on ice, and added to the PCR reagents, with final concentrations according to the Perkin PCR kit (no. N801-0055) instructions. cDNA primer E338A1, -2a, -2b, or -3a and a universal primer (C170S) were used in the first round of PCR (PCR I) to amplify subtypes 1 (a and b), 2a, 2b, and 3a HCV, respectively. One to ten microliters of the PCR I product was added to a second PCR (PCR II) mixture containing 100 pmol of universal antisense primer (320A) and type-or subtype-specific sense primers (C179S1, 2a, 2b, and 3a). All PCRs consisted of 40 cycles (94°C for 10 s, 55°C for 30 s, and 72°C for 30 s) performed in a Perkin-Elmer 9600 thermocycler, with the exception of type 1b PCR II, in which the annealing temperature was lowered to 45°C.
Single-stranded probes. Initially, subtype-specific probes were obtained from RT-PCR products generated from RNA extracted from individuals infected with HCV of known genotype (1a, 1b, 2a, 2b, and 3a) as described above, with the exception of primer 320A, which was biotinylated. Subsequently, RT-PCR products used to synthesize the probes used in Fig. 1 were subcloned in the PCR 2.1 vector (Invitrogen) and used as templates for the biotinylated PCR products used to generate the single-stranded probes shown in Fig. 3 (lanes 1a, 1b, 2a, 2b,  and 3a) . Approximately 500 ng of biotinylated PCR II product was bound to 20 l (200 g) of streptavidin-coated magnetic beads (no. 112.05; Dynal M280) which were first washed in 100 l of phosphate-buffered saline, pH 7.4-0.1% bovine serum albumin, followed by 100 l of binding and 1ϫ washing (B&W) buffer containing 5 mM Tris-HCl (pH 7.5), 0.5 mM EDTA, and 1.0 M NaCl and finally resuspended in 50 l of 2ϫ B&W buffer. After being gently mixed at room temperature for approximately 15 min, the beads were collected in a magnetic field, the supernatant was removed, and the beads were washed three times with 200 l of 1ϫ B&W buffer to eliminate unbound PCR products, primers, and deoxynucleoside triphosphates. Eight microliters of freshly prepared 0.1 M NaOH was added to the beads for 10 min at room temperature to denature the bound, double-stranded PCR products. Beads were again collected in a magnetic field, and the supernatant containing single-stranded DNA was removed and neutralized with 40 l of water, 4 l of 0.2 M HCl, and 1.0 l of 1.0 M Tris-HCl, pH 8.0 (11a). Twenty nanograms of single-stranded DNA was labeled with 100 Ci of [␥-
32 P]ATP (3,000 Ci/mmol) with T4 kinase and passed over a G-50 column (no. 27.5335.01; Pharmacia) to remove excess [␥-
32 P]ATP. Biotinylated primers and single-stranded probes were stored at Ϫ20°C in aliquots for optimal results.
HTA. One to two microliters (0.5 ng) of single-stranded DNA probe (specific activity, 1 ϫ 10 9 cpm/g) was hybridized to a 100-fold molar excess of colinear, double-stranded PCR product from either the homologous standard (JK1a, -1b, -2a, -2b, or -3a) or patient sera in the following 10-l reaction mixture: 4 l of double-stranded PCR product (ϳ50 ng), 4 l of 2ϫ SSC (1ϫ SSC is 0.15 M NaCl plus 0.015 mM sodium citrate, 10 mM EDTA [pH 8.0]) and 2 l of water. The reaction was denatured for 3 min at 95°C and annealed at 55°C for 2 h in a heat block. The entire sample was loaded onto a 1-mm-thick, 6% Hydrolink MDE gel (no. 4739-00; Baker) and electrophoresed for 16 h at 500 V. Gels were vacuum dried at 80°C on filter paper and exposed to X-ray film for 15 min. The relative migration of a heteroduplex was calculated as the distance (in millimeters) the heteroduplex migrated from the top of the gel divided by the distance (in millimeters) the homoduplex migrated from the top of the gel. DNA sequencing. PCR products and cloned DNA were purified by either Wizard PCR or Maxi prep (no. A7170 or A7270; Promega) (no. 12191; Qiagen) according to the manufacturer's protocol and sequenced by standard methods. PCR products were cloned with the TA cloning vector (no. K2000-01; Invitrogen). A minimum of three clones were sequenced for each patient sample.
Phylogenetic trees. The phylogenetic trees in Fig. 2 were constructed by pairwise, progressive alignment of the nucleotide sequences to one another with the computer software program Gene-Works Unweighted Pair Group Method with Arithmetic Mean (41) .
RFLP analysis of 5 UTR PCR products. cDNA amplified with 5Ј UTR primers (32) was digested as described by Davidson et al. (11) with ScrF1 to distinguish type 2 HCV subtypes. The MvaI/HinF1 fragment was used to determine genotype for the 12 blood donor samples. Digested DNA was electrophoresed on 6% polyacrylamide gels, stained with ethidium bromide, and visualized under UV light. There were no differences between the restriction fragment patterns of PCR products generated with primers described by Shimizu et al. (32) and those described by Davidson et al. (11) , since the PCR primers are almost colinear.
Inno-LiPA HCV II test. The Inno-LiPA HCV II test (Innogenetics), which is based on sequence heterogenetics in the 5Ј UTR, was performed with samples from blood donors from the United States according to the manufacturer's protocol.
RIBA HCV SIA. Eight serotype-specific HCV peptide antigens, five of which are from the NS4 region of HCV subtypes 1a and 1b, 2a and 2b, and 3 and three of which are from the core region of types 1 and 2, were immobilized on a nitrocellulose solid support. An algorithm was defined such that serotype was determined by which type-specific NS4 peptide was reactive in the tested sera. In the absence of NS4 peptide reactivity, core peptide reactivity was considered for the interpretation of the results (15) .
RESULTS
Specificity of HTA genotyping. Single-stranded probes (nucleotides 536 to 978), derived from sera of known subtype, were hybridized to colinear RT-PCR products from 15 Italian dialysis patients and electrophoresed on MDE gels. As shown in Fig. 1A through E, each probe (lanes 1a, 1b, 2a, 2b, and 3a, respectively) hybridized to RT-PCR products from the homologous sera, forming a homoduplex (lane h). Heteroduplexes were observed for five samples hybridized to the JK1b probe (Fig. 1B, samples 1, 2, 4 , 24, and 28), and seven samples hybridized to the JK3a probe (Fig. 1E, samples 3 , 7, 18, 20, 22, 26, and 35) , while there was no subtype 1a HCV (Fig. 1A) . Probe-only lanes (1a, 1b, 2a, 2b, and 3a in Fig. 1 and p in Fig. 3) show the level of background, which can be observed in all lanes, when the probe is degrading. The specificity of HTA probes for their respective subtypes was demonstrated by the lack of cross-hybridization of the subtype-specific probes (JK1a, JK1b, JK2a, JK2b, and JK3a) to each other or to PCR products from more than one patient. Two exceptions were patient 4, who was most likely coinfected with 1b and type 2 HCV (Fig. 1B and D) , and blood donor k (Fig. 3A and B) , who had both 1a and 1b HCV.
The mean relative migration of subtype 1b isolates (0.79; range, 0.72 to 0.83) was less than and did not overlap with that of the 3a isolates (0.89; range, 0.86 to 0.93), indicating that the 1b isolates were less closely related to the 1b probe than the 3a isolates were to the 3a probe. Surprisingly, we found three samples which formed slowly migrating heteroduplexes, two of which hybridized to the JK2a and JK2b probes (samples 30 and 33 in Fig. 1C and D) and one which hybridized to the JK2a probe only (Fig. 1C, sample 23 the JK2a probe, while HTA 30 and 33 had relative migrations of 0.12 and 0.1 with respect to the JK2b probe. The data indicated that HTA 23, 30, and 33 were substantially divergent from the JK2a and/or JK2b probes and suggested that they were most likely a non-2a, non-2b type 2 subtype. DNA sequencing verifies HTA genotype and subtype assignments and confirms complexity within type 2. The genotypes of all 15 PCR-positive Italian patients and subtype probes were verified by nucleotide sequencing (data not shown) of the partial C/E1 PCR products by direct sequencing and/or by sequencing cloned PCR products. Phylogenetic trees shown in Fig. 2A through C, which were derived from the nucleotide sequences, confirmed that isolates which were designated 1b (HTA 1, 2, 4, 24, and 28) or 3a (HTA 3, 7, 18, 20, 22, 26, and 35) segregated with the appropriate published 1b (HCV-J [22] ) and 3a (NZ1-1 [31] ) prototype sequences. The mean percentage of nucleotide divergence of 1b and 3a patient isolates from probes JK1a and JK3a of 10.5% (range, 8.7 to 11.6%) and 4.3% (range, 1.4 to 6.5%) was in agreement with the HTA prediction that the 3a isolates were related more closely to the JK3a probe than the 1b isolates were to the JK1b probe, based on the relative migration of the 1b and 3a heteroduplexes on gels. The C/E1 nucleotide sequence data indicated that (i) isolates with Ն1.4% nucleotide substitutions can be separated by HTA analysis, (ii) isolates within the subtypes 1b and 3a were Ͻ15% divergent, and (iii) HTA subtype probes do not cross-hybridize with isolates with greater than approximately 35 to 40% nucleotide divergence.
Since HTA 23, 30, and 33 were 22.8 to 27% divergent from JK2a, and HTA 30 and 33 were 33 to 34.5% divergent from JK2b, we compared the nucleotide sequences of HTA 23, 30, and 33 to a published 2c isolate (S83 [4] ). HTA 23, 30, and 33 were 16.5, 14.7, and 18.6% divergent from S83 and segregated with S83 in Fig. 2B as expected. Interestingly, HTA 33, which was most divergent from S83, was more closely related to HTA 23 and 30 (11.7 and 15.6% nucleotide heterogeneity) than to either JK2a or JK2b, suggesting a greater complexity among type 2 isolates than among type 1 or type 3 isolates.
Although most patients had a single virus isolate or a tight cluster of virus isolates, which were not resolved on gels when hybridized to their respective probes, HTA 18 and 22 each had two bands which were not observed in the homoduplex or single-stranded probe control lane (Fig. 1E, lanes h and 3a) . The data suggested that these patients each had at least two isolates with greater than 1.4% nucleotide heterogeneity. It is unlikely that the double bands seen in all lanes except one in Fig. 1B resulted from double-stranded probe molecules contaminating the single-stranded probe, since the result was reproducible with different preparations of probe and was not 1a, 1b, 2a , 2b, and 3a in panels A to E, respectively) were hybridized to PCR products from either the same control serum samples from which they were derived, forming homoduplexes (h), or from dialysis patient sera, forming heteroduplexes (numbered lanes), and were electrophoresed on MDE gels. observed for the other probes generated under identical conditions.
Comparison of partial C/E1 HTA and RFLP. We compared the genotype results obtained by partial C/E1 HTA with RFLP (5Ј UTR) and direct nucleotide sequencing of 5Ј UTR PCR products from all 15 patients. Subtype assignments were all in agreement except for HTA 23, 30, and 33, which were incorrectly identified as subtype 2a by RFLP with ScrFI (Table 2) . A dendrogram of the 5Ј UTR nucleotide sequences of HTA 23, 30, and 33 and published sequences (Fig. 2D) showed HTA 23, 30, and 33 as 2a, in agreement with RFLP results, but was inconsistent with the same analysis performed on the E1 sequence (Fig. 2B) . The 5Ј UTR analysis also inaccurately located 2c distant from subtypes 2a and 2b, a result which is most likely due to the small number of nucleotide substitutions in the 5Ј UTR.
Serotyping analysis of patient sera. The serotype of 15 of 23 (65.2%) patient serum samples could be determined by the RIBA HCV Serotyping SIA (Table 2) . Four 5Ј UTR-, C/E1-, RT-PCR-, and ELISA 3.0-positive samples, which were subtyped by HTA, were nonreactive. Seventy-five percent (6 of 8) of PCR-negative samples were assigned a serotype (Table 2) , while 1 of 8 was nonreactive and 1 of 8 was untypeable. Two subtype 3a samples (HTA 20 and 35) were untypeable (designated either type 1 or 3). One sample (HTA 18) was a subtype 3a by HTA, RFLP, and DNA sequencing but was designated type 2 by serotyping. The discrepant sample may be attributed to a past infection or to a coinfection at a time when viremia was undetectable by PCR. Eight of 15 RT-PCR (53.3%) samples were concordant among all three assays (HTA, RFLP, and serotyping) with respect to genotype.
Comparison of genotype determined by HTA to those determined by Inno-LiPA HCV II and/or RFLP in blood donors from different geographical locations. HCV genotypes determined by HTA were in agreement with those determined by RFLP and the Inno-LiPA HCV II test for all 12 samples (Table 3) , irrespective of the country from which the serum or probe was obtained. For example, the 1b probe, which came from a Japanese serum sample, hybridized to 1b sera from the United States, Holland, and Italy (Fig. 3B , lanes e and k and Fig. 1B, lanes 1, 2, 4, 24, and 28) , and the type 3a probe (of U.S. origin) hybridized to 3a samples from the United States, Egypt, and Italy (Fig. 3E, lanes a, b, and g and Fig. 1E, lanes 3, 7, 18,  20, 22, 26, and 35) . The data shown in Fig. 3 indicated that the 1a and 1b probes failed to cross-hybridize to each other (panels A and B, lanes 1a and 1b), and therefore sample k, which hybridized to both probes, must have had a 1a-1b coinfection. HTA also showed that samples c (panel A), e (panel B), g and h (panel C), and d (panel D) had at least one viral variant. The cloned 2b probe in Fig. 3D was derived from blood donor serum sample f, and therefore a homoduplex can be seen at the bottom of the gel. type 1 (12) (13) (14) , Gretch et al. applied HTA to the study of HCV quasispecies (42) . Unfortunately, the primers used in quasispecies analysis were not appropriate for genotype determination due to a high degree of nucleotide variation in the amino terminus of E2 (20, 40) . In order to develop an HTA genotyping method for HCV which would also be suitable for other purposes, RT-PCR primers were chosen from the carboxy terminus of core and the middle two-thirds of E1. A set of universal PCR primers were selected from highly conserved regions of C/E1, along with a set of primers which were derived from regions of substantial sequence heterogeneity to ensure subtype specificity.
DISCUSSION
DNA sequencing of the partial C/E1 PCR products from a cohort of Italian dialysis patients confirmed the accuracy of HTA genotype assignment in all 15 individuals but failed to identify type 2 sequences in a 1b-2 coinfected patient (HTA 4). Since direct DNA sequencing or sequencing a relatively small number of cloned PCR products, i.e., 3 to 30, identifies only predominant viral species, sensitive hybridization-based techniques are more capable of detecting low-frequency variants in a population. RFLP and Inno-LiPA HCV II verified C/E1 HTA genotyping of 12 type 1, 2, and 3 blood donors from different geographical locations, indicating that the source of the isolates or probes did not influence the accuracy of HTA. In addition, HTA detected a 1a-1b coinfection in sample k. The inability of certain assays to detect coinfections could be attributed to either the relative abundance and/or efficiency of amplifying different genomes in the sample. We found that single-stranded probes derived from sera containing a virus population of less than 1.4% nucleotide divergence were effective for genotyping; however, the use of single-stranded probes from cloned RT-PCR products guarantees that the pattern of heteroduplex molecules on MDE gels reflects the actual population of variants and avoids potential artifacts FIG. 3 . Single-stranded probes (1a, 1b, 2a, 2b, and 3a) were hybridized to either PCR products from which each single-stranded probe was derived (lanes 1a, 1b, 2a, 2b, 3a in panels A to E) or to HCV antibody-positive sera from the United States (lanes b to j), Egypt (lane a), and Holland (lanes k and l). The single-stranded probe alone is designated by the letter p. 
a ND, not done. which may be more difficult to discern when double-stranded HTA probes (12) (13) (14) 42) or single-strand conformation polymorphism (17) is used. The molecular definitions of genotype, subtype, and isolate were originally based on the nucleotide region of NS5 for types 1 to 3 HCV (33) (the most frequent genotypes found in North America, Europe, and parts of Asia) and was later found to be consistent for other segments of the HCV genome, including the E1 gene (4, 34, 37) . For full-length E1, subtypes and genotypes were separated by approximately 24 to 31% and 33 to 46% nucleotide heterogeneity, respectively, while isolates within the same subtype were found to be Յ15% divergent (4) . Recently, sequences of new isolates in Southeast Asia showed that these isolates were more broadly distributed with respect to percent nucleotide divergence than types 1 to 3 HCV and that the boundaries between type, subtype, and isolate might need to be reevaluated in these populations (1, 27, 35) . The interpretation of HTA data for Southeast Asian isolates would be expected to be complicated by the same factors that have affected the genotype assignment of these isolates by direct nucleotide sequencing. Our partial C/E1 nucleotide sequencing data for 1b and 3a HCV showed that isolates within the same subtype were Յ15% divergent and had approximately 35 to 42% nucleotide heterogeneity between isolates of different genotypes, which is in good agreement with the results of Bukh et al. (4) .
Consistent with previous studies showing that the relative migrations of the heteroduplexes are proportional to genetic distance (12), we found that the mean and range of the relative migration of 1b and 3a isolates were nonoverlapping and reflected the percentage of nucleotide divergence from their respective probes. Although the relative migration of individual isolates was not necessarily directly proportional to the percentage of nucleotide divergence from the probe, the slight differences in the observed relative migration of individual isolates may be due to the distribution of nucleotide substitutions in PCR fragments. In agreement with Delwart et al. (12) , a minimum of 1.4% nucleotide divergence was sufficient to separate viral isolates in the HTA described in this study.
The substantially retarded migration of HTA 23, 30, and 33 in Fig. 1C and D suggested that they were non-2a, non-2b type 2 subtypes. These samples would have either been scored negative (6) or misassigned as either 2a or 2a-2b coinfections if standard PCR-based genotyping methods had been used, depending on the stringency of the assay. DNA sequence comparisons showed that HTA 23, 30, and 33 were 14.7 to 18.6% divergent from S83 (a 2c subtype known to be prevalent in Italy [6] ). These results indicate that HTA 23, 30, and 33 (i) approached or exceeded the expected ϳ15% divergence between isolates within the same subtype and (ii) were more closely related to each other than to other known type 2 isolates which have been sequenced in the C/E1 region. Interestingly, based on a calculation of the percentage of nucleotide divergence alone, HTA 23, 30, and 33 would be considered borderline type 2 compared to 2b isolates (33 to 34%), while they would clearly be classified as type 2 compared to type 2a or 2c (22.8 to 27.9% versus to 16.5 to 18.6%) HCV. Since percentage of nucleotide divergence is closely related to genetic distance as determined by phylogenetic analysis for types 1, 2, and 3 HCV (33, 34), we demonstrate that, as for HIV-1, HTA is useful for identifying evolutionary variants which can be sequenced and subjected to more sophisticated phylogenetic analyses. These findings also illustrate that viral evolution is a dynamic process and highlight the ambiguities inherent in the classification of HCV strictly on the basis of molecular sequence criteria.
A comparison of several genotyping methods demonstrated that the partial C/E1 HTA was the most comprehensive for the following reasons: (i) not only was subtype for patients and blood donors accurately assigned, but coinfections, which were missed by DNA sequencing and RFLP, were also identified; and (ii) in contrast to HTA, RFLP and direct sequencing of the 5Ј UTR incorrectly identified all three type 2 samples (HTA 23, 30, and 33) as either type 2a or as 2a-2b due to inadequate nucleotide heterogeneity in the 5Ј UTR. HTA has a further advantage in that this method visualizes intrasubtype variants, which tests such as RFLP and Inno-LiPa HCV II are not designed to detect. Such variants could be important in understanding and characterizing therapeutic drug escape mutants. We also conclude that since 65.2% (15 of 23) of total and 75% (6 of 8) of PCR-negative dialysis patients were typeable by the RIBA HCV serotyping SIA, serotyping appears to have independent value in typing HCV and complements nucleic acid-based genotyping assays.
